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The present invention relates to a flow restriction according to the precharacterising 
clause of Claim 1. Such a flow restriction is disclosed in DE 197 04 497. In this 
5 specification an infusion pump for a drug that is implanted in a patient is described. With 
this arrangement there is a perfusion plate that serves as flow impedance. This is made, for 
example, of plastic by making openings therein using a laser beam. The plate is 
incorporated in the tubing in a maimer that is not described in more detail. 

A flow meter for liquids, where a thin plate is used, which plate is clamped/welded 
10 into the lumen, is disclosed in US 4 136 692. 

The aim of the present invention is to provide a flow restriction that can easily be 
employed, can be incorporated in a reliable and advantageous manner in a fluid line, 
functions reliably and can be produced inexpensively. The inexpensive production and the 
reliable construction give rise, inter alia, to the possibility of using such a reliable flow 
15 restriction in products that are intended for one-off use. 

This aim is realised with a flow restriction as described above having the 
characterising features of Claim 1 . 

According to the present invention conduit part and baffle are made from one piece 
of plastic material. Preferably these are produced in one operation by injection moulding. 
20 As a result a flow restriction that is very small can be made in a highly reproducible 
manner, whilst a particularly reliable join to the tubing is formed. 

Moreover, the problem of handling small discs with openings is solved by means of 
the invention. After all, these discs can be particularly small and thin, which makes 
handling difficult, even apart from hygiene requirements that are imposed in the case of 
25 medical applications. 

According to a particular variant of the invention, this is made such that there is a 
predictable relationship between the pressure applied to the tubing and the flow caused as a 
result. 

Preferably, this relationship is linear and more particularly it satisfies Poiseuille's 
30 equation. This is valid for laminar liquid flow in a cylindrical conduit of radius r. If there is 
a pressure difference Ap over the length 1, the volume flow rate is: 



q v =rir 4 Ap/8Til 
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As a result it is possible, for example, to determine the flow rate at a specific viscosity and 
density of the liquid by reading off the pressure, for example the height of the liquid 
column. This is important in particular when administering a wide variety of medicinal 
substances to patients. As a result of making the flow restriction according to the invention 
5 in one piece, there are no longer construction limitations with respect to the baffle. After 
all, in the state of the art this baffle had to liave sufficient strength for clamping or 
sufficient material thickness to enable subsequent welding. However, on the other hand, it 
is important that this baffle can be drilled through easily, such as with the aid of laser 
beams. By means of the present invention the design of the baffle can mainly be focused on 

1 0 enabling it to be drilled through in an optimum manner during a subsequent laser treatment. 

According to the present invention the flow restriction consists of a conduit part. A 
baffle is arranged in this. Subsequently, according to the present invention, one or more 
openings with a diameter dimension of between 1 and 50 |um, more particularly 5 and 
40 |Ltm, are made in said baffle. Diameter dimension is to be understood below as a cross- 

15 sectional surface area resolved to a circular opening with a diameter of between 1 and 
50 jam. However, it will be understood that the opening(s) can have any desired shape. As a 
result of making a number of openings, in the event of blockage of one of the openings the 
effect of the blockage of one of the openings will be relatively restricted, depending on the 
number of openings. By making openings of very small diameter it is possible to meter 

20 even very small amounts of fluid (both gas and liquid). Furthermore, use of the restriction 
is appreciably facilitated because this is in one piece with a conduit part that can be 
employed in the customary manner. 

According to a first variant embodiment, this conduit part can be coupled to further 
conduit parts, which can be fitted either inside it or around it. However, it is possible to 

25 make the conduit part a part of any other member, such as a coupling. Especially in medical 
technology, such items as Luer fittings are used for joining conduit parts to one another. By 
arranging a restriction in such a fitting, as is proposed according to the invention, it is not 
necessary to work with additional components. It will be understood that the restriction 
according to the present invention can also be made in any other conceivable manner. 

30 The wall thickness of the baffle is between 0.05 and 0.5 mm and more particularly is 

between 0.1 and 0.3 mm. With laser techniques it is possible to make openings in such a 
film. During this operation the plastic material vaporises/disintegrates, so that making 
openings does not result in residues that could block the openings being left. As a result of 
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the use of the laser techniques described above for making openings, the risk of blockages 
by impurities is precluded and in principle it is also not necessary to check for these. 

The baffle can be made of any plastic material known in the state of the art and in 
particular consists of a polycarbonate film. 
5 According to an advantageous embodiment of the invention there are at least 10 

openings in the baffle and more particularly more than 1 00 openings. Such openings can 
easily be produced by the use of a mask that is placed in the path between the laser and the 
baffle. In this way a large number of openings can be produced in one or a few steps. 

Furthermore, it is possible to make these openings such that they are not cylindrical, 
10 but divergent, in the longitudinal direction thereof. That is to say the cross-sectional 
dimension of the openings becomes increasingly larger in the direction of flow. Blockage 
of the openings is counteracted by this means. 

Using the present invention it is possible to meter very small amounts of liquid. 
0.5 ml/h is mentioned as an example. The result of this is that, for example, 100 ml of an 
1 5 analgesic can be administered directly into a wound over a period of 7 days, with a simple 
pump, in a reliable manner. Moreover, the passage of a large amount of solvent (such as 
water) into the patient is prevented, so that it is possible to work with concentrated 
solutions. 

In addition to the characteristics of colour and length, the invention offers many more 
20 and clearer identification means for a specific type of restriction, such as, for example, a 
different shape for conduit parts that do not have a sealing function in the liquid line, or 
printing, or laser engraving. The latter two can display either a value or a symbol. With 
such identification the user is able to see what is the "yield" of a specific restriction. Clearly 
differentiating identification means prevent errors in the assembly of administration 
25 systems and thus errors in the administration of medication to patients. 

Moreover, with the restriction described above it is possible, within certain limits, to 
measure the flow through the conduit part. By determining the pressure difference over the 
accurate and relatively substantial restriction, a low flow can be determined very 
accurately. The consequence of the accurate restriction is also that it is now also possible to 
30 use pressure-controlled equipment instead of volumetric pumps for accurate administration 
of, for example, infusion liquids. It has been found that variations are essentially linear 
within the specific limits described above. 

It is also possible to position a number of the restrictions described above, which may 
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or may not have a different "value", one after the other. By this means it is possible to 
obtain an even greater resistance to flow, without this being at the cost of reliability. After 
all, as indicated above, blockage of one of the many openings will have no effect. 

The laser used for making the openings can be a laser that works in the ultraviolet 
5 range, such as an excimer laser. However, it must be understood that other types of lasers 
can be used. 

The invention will be explained in more detail below with reference to some 
illustrative embodiments shown in the drawings. In the drawings: 

Fig. 1 shows, diagrammatically in cross-section, a first embodiment of the restriction; 
1 0 Figs 2a-d show various embodiments of the openings; 

Fig. 3 shows, in cross-section, a second embodiment of the restriction according to 
the invention; 

Fig. 4 shows a detail from Fig. 3; 

Fig. 5 shows a further variant of the restriction according to the invention, and 

1 5 Fig. 6 shows another variant of the restriction according to the invention. 

In Fig. 1 the restriction according to the invention is indicated in its entirety by 1. 
This consists of a conduit part 2 and a baffle 3 arranged therein. Conduit part 2 and 
transverse baffle 3 are made of one material, in particular polycarbonate material, and more 
particularly are made in one part by injection moulding. An inlet conduit 4 is pushed into 

20 the conduit part 2 on the left, whilst on the right an outlet conduit 5 has been pushed over 
it. Conduit part 2 is provided with self-seeking edges 18, as a result of which the 
introduction of inlet conduit 4 and pushing on outlet conduit 5, respectively, is facilitated. 
These edges are important because as a result flexible conduits that are somewhat oversize 
and undersize, respectively, can be used that provide sealing between the flexible conduit 

25 and the conduit part. 

There are a large number of openings 6 in the transverse baffle 3. This can be seen 
from Figs 2a-d. For the sake of simplicity the openings have been drawn relatively large, 
but it must be understood that these have a small size of between 1 and 50 |um and more 
particularly approximately 5-40 jum. In practice hundreds to thousands of openings will be 

30 used. The accuracy of such openings is particularly high in the case of production with 
laser techniques. With the relatively small diameter of the opening, the length thereof is 
substantial. In this context the length is preferably in any event at least so chosen that 
laminar flow prevails in the openings. More particularly, a length/diameter ratio of greater 
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than 10 is chosen in order to make such a flow laminar. 

Circular openings all with the same diameter have been drawn in Fig. 2a. In Fig. 2b 
circular openings of different diameter have been drawn. Both, in Fig. 2a and 2b the 
openings are grouped around the midpoint of the restriction. In Fig. 2c a different pattern is 
5 shown, whilst in Fig. 2d openings made in a different way are shown. 

A further embodiment of the invention is shown in Fig. 3 . The restriction is indicated 
by 1 1, whilst the conduit part thereof is indicated by 12. 13 is the baffle, whilst 16 are the 
openings made therein. With this arrangement the conduit part has been made as part of a 
coupling. 

10 Opening 16 is shown in detail in Fig. 4, from which it can be seen that this opening 

has been made conically divergent in the direction of flow. As a result clogging, for 
example by very small particles, such as bacteria, can be prevented. 

A further variant of the restriction according to the invention is shown in Fig. 5 . This 
variant is indicated in its entirety by 25 and consists of a preferably circular hole 26 made 

15 in baffle 23. There is an elongated slot 24 in front of the circular hole 26. As a result of the 
use of such a slot, opening 26 remains accessible to liquid if particles which under normal 
circumstances would block opening 26 reach the baffle 23. The transverse dimension 
(perpendicular to the drawing) of opening 26 can be larger than, the same as or smaller than 
the transverse dimension of the slot 24. 

20 Another variant of the invention is shown in Fig. 6. This variant is indicated in its 

entirety by 35 and consists of a filter 36 and Luer fitting 37 connected after it and a 
construction according to the invention connected between the Luer fitting 37 and filter 36. 
This construction is indicated by 38 and made as described above. It can be seen from 
Fig. 6 that the restriction according to the invention can be integrated with many other 

25 components. 

It has been found that by making a very large number of openings the blockage of 
one or more of the openings has hardly any effect. Furthermore, it has been found that 
highly predictable and reproducible flow properties can be achieved as a result of the very 
accurate production of the openings. This means that the present invention is suitable in 
30 particular for accurate metering. As indicated above, in this context consideration is given 
to medical application, such as when supplying fluids in the case of infusion and in the 
direct administration of, for example, analgesics. The present invention can also be used 
outside the medical field, for example when metering pesticides. Using the present 
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invention it is possible accurately to control dosages of, for example, half a millilitre to one 
hundred millilitres water per hour. 

Although the invention has been described above with reference to preferred 
embodiments, it will be understood that numerous modifications can be made thereto and 
5 many variants are possible. In particular, the conduit part can be modified in many ways so 
as to be part of a larger construction in which the baffle 3, 13, 23 has been integrated. 
These and further modifications are obvious to those skilled in the art after reading the 
above description and fall within the scope of the appended claims. 



